Objective To determine the prevalence of generalized joint hypermobility (GJH) in a large cohort of Australian children and determine the associations between GJH and musculoskeletal pain.
The first aim of this study is to define the prevalence and descriptive epidemiology of GJH in an Australian population. The second aim is to explore the association between GJH and self-reported MSP characterized by its presence in the last month, lasting >3 months, and made worse by sport.
Methods
This study was conducted using data from the Western Australian Pregnancy Cohort (Raine) Study (http://rainestudy .org.au/). This began as a pregnancy cohort of 2900 women attending antenatal clinics at King Edward Memorial Hospital in Perth, Australia, between 1989 and 1991, and resulted in 2868 children forming the cohort. This is a cross-sectional analysis of 1584 of the 1608 adolescents attending the 14-year followup, for whom both GJH and musculoskeletal data were available ( Figure; available at www.jpeds.com). Comparative analysis at 14 years to census data showed that the cohort remained representative of the Western Australian population. Informed consent was obtained from participants and the study approved by the Ethics and Scientific Review Committee of Princess Margaret Hospital for Children and the Human Research Ethics Committee of Curtin University. Around the time of their 14th birthday, participants presented for a follow-up visit at the study assessment center, where they completed a computerbased questionnaire covering a broad range of factors, including pain status, and then a physical assessment that included measures of GJH and motor performance.
Generalized Joint Hypermobility
Joint hypermobility was measured using the Beighton scoring system. 4 The Beighton is a well-recognized and widely used scale of GJH with demonstrated validity and reliability 5, 9, 26 (Appendix; available at www.jpeds.com). Joint angles were determined using visual estimation without a goniometer. Joint hypermobility was defined using 2 criteria: (1) ≥4 hypermobile joints and (2) ≥6 hypermobile joints. 7 The application of the Beighton score in this study retained the original description of hyperextension of the metacarpophalangeal joint of the fifth finger 27 because pilot testing suggested this was the most reproducible method (Appendix). For the toe touching maneuver, this study applied the "most of their palms on the floor" rather than "palms rest easily on the floor 26 (Appendix).
Other Measures
For aim 1, similar constructs for comparison between adolescents with and without GJH were chosen as previously examined in the large 14-year-old cohort from the United Kingdom. 7 During the physical examination, height (m) was measured with a stadiometer with shoes removed and body weight (kg) with digital scales. The body mass index (BMI) was calculated from these measures. Children were classified as normal weight, overweight, or obese using recommended age-and sex-specific cutoffs for children. 28 Motor performance was evaluated using the McCarron Assessment of Neuromuscular Development (MAND). 29 The test consists of 10 items that are converted to the Neuromuscular Index with a mean of 100 and a standard deviation of 15. 29 Handedness for writing was part of the MAND assessment. 29 The MAND has criterion, content, and construct validity as well as adequate precision and responsiveness to motor impairment. 29, 30 As a measure of moderate to vigorous physical activity, participants were asked a question regarding the frequency of exercise causing them to be out of breath or to sweat outside of school hours, 31 with responses categorized as none, about 30 minutes a week, about 1 hour a week, about 2-3 hours a week, about 4-6 hours a week, and ≥7 hours a week. This question has demonstrated acceptable reliability and validity. 32, 33 The ethnicity of each parent was ascertained at enrollment in the study by questionnaire and for the purposes of this analysis participants were deemed of Caucasian ethnicity if ≥1 parent endorsed it. Socioeconomic status was measured using the Socio-Economic Indexes for Area index of relative socioeconomic advantage and disadvantage 34 at the census district level using current residential address. This index is standardized against the Australian population with a mean of 1000 with a standard deviation of 100, and for interpretation of ORs was divided by 100 so that a unit change represents approximately 1 standard deviation. Pubertal status was determined by selfrated Tanner stages of pubertal development, 35 which has demonstrated sufficient validity for use in large epidemiologic studies. 36 Boys reported on 4-stage diagrams of pubic hair and girls on pubic hair and breast development. For a short period during the follow-up, 334 individuals (170 girls and 164 boys) were shown Tanner stage diagrams where there was ambiguity in the labelling, and data were treated as missing for this variable in these cases.
Musculoskeletal Pain
Participants were asked the following questions with reference to the arm or leg; neck/shoulder; and back: (1) Have you ever had (area) pain?; (2) Has your (area) been painful in the last month?; (3) Did your (area) pain last for >3 months?; and (4) Did playing sports make your (area) pain worse?
For the current study, 3 derived variables were constructed, indicating the number of areas the participant: (i) reported having pain in the last month, (ii) reported having pain for >3 months, and (iii) reported pain being made worse with sport, with possible values being 0 (none), 1 (1) or 2 (≥2). The questions were based on the Nordic Pain Questionnaire and have established validity and reliability for pain assessment [37] [38] [39] and are reported to be valid when compared with physical examination/interview in 10-to 16-year-old subjects. 40 
Statistical Analyses
Percentages were calculated for point prevalence estimates of GJH for both Beighton cutoff of ≥4 joints and ≥6 joints and for hypermobility at each test site, both combined and separately for boys and girls.
For aim 1, c 2 analysis or independent t tests were used to assess group differences in variables of interest between those individuals with/without generalized hypermobility (as defined by Beighton cutoff of ≥4 joints and ≥6 joints), in boys and girls separately. Unadjusted ORs (with 95% CIs) for the presence THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 181 of GJH were also calculated for each variable of interest using univariable logistic regression. Multivariable logistic regression was used to estimate ORs adjusted for all variables except pubertal stage, owing to the large proportion of missing data for this variable. Unadjusted and adjusted models were performed using those cases with full data on all variables used in the multivariable models. In the case of moderate to vigorous physical activity, analysis was conducted using both the 6-point scale and dichotomized to <4 or ≥4 hours a week, with the latter reported in Tables I and II for simplicity owing to the absence of associations.
For aim 2, c 2 analysis was used to assess group differences between those individuals with or without generalized hypermobility according to the derived 3 measures of count of pain areas (pain in the last month, lasting >3 months, and made worse with sport). Unadjusted ORs (with 95% CIs) for the presence of GJH were also calculated for each variable using univariable logistic regression. Multivariable logistic regression was used to estimate ORs adjusted for those variables identified as potential confounders in aim 1. Unadjusted and adjusted models were performed using those cases with full data on all variables used in multivariable models. Interactions between variables in the final models were considered. The model fit for the final models was examined by analyzing the residuals (Pearson and deviance) and likelihood ratio tests. For continuous variables, the assumption of linearity in the logit was examined. Statistical significance was set at P < .05. All statistical analysis was performed using Stata Version 10.1 (StataCorp, College Station, Texas).
Results
The 815 males and 769 females had a mean (SD) age of 14. Girls showed an higher prevalence of hypermobility in every joint tested compared with boys. In both sexes, the fingers and thumbs were most likely to be hypermobile. In girls, palms to floor hypermobility (39%) was more prevalent than knee (28%) and elbow (28%) hypermobility, whereas in boys, knee hypermobility (23%) was more prevalent than elbow (14%) and palms to floor hypermobility (15%). Among adolescents diagnosed as having GJH using a cutoff of ≥4 (n = 760), almost 90% had hypermobile fingers, 70% had hypermobile thumbs, and 40% had hypermobile knees. There were sex differences, with more girls than boys with palms to floor hypermobility (48% vs 22%, respectively) and more boys than girls with hypermobile knees (44% vs 38%, respectively).
In boys, when using a cutoff score of ≥4 to describe GJH, an association was found with BMI, with boys categorized as overweight or obese less likely to be hypermobile, and this association remained after adjustment for other variables (aOR, 0. Tables I and II) . Although a similar trend of decreasing proportions of GJH with overweight and obesity were observed for GJH using a cutoff of ≥6, this association was not significant before or after adjustment (P = .493) ( Tables I and II) . In girls, when using both cutoffs of ≥4 and ≥6, an association was seen with motor performance, whereby increasing motor competence was associated with a greater odds of GJH, and this association remained after adjustment for other variables for cutoff ≥4 (aOR, 1.29; 95% CI, 1.12-1.49) but not for ≥6 (P = .168) (Tables I and II) . When using the cutoff of ≥6 in girls, an association was also seen with socioeconomic status, with girls with a higher socioeconomic status more likely to be hypermobile (aOR, 1.22; 95% CI, 1.01-1.47), but this association was no longer significant after adjustment (P = .158) ( Tables I and II) . Table III shows the pain area counts and proportions of adolescents classified with/without hypermobility using cutoff scores of ≥4 and ≥6 by sex, and unadjusted and adjusted associations for these variables are presented as ORs for GJH in Table IV . Models were adjusted for those variables identified as potential confounders in the sex-specific previous analyses (namely, BMI for boys and socioeconomic status and motor performance for girls). For boys, no association between pain area counts and GJH were identified using a cutoff of ≥4 (Table III) . However, using a cutoff of ≥6, significant associations between the number of pain areas and GJH were observed for boys before and after adjustment for BMI, for both pain in the last month (P = .001) and pain made worse with sport (P = .002) ( Table IV) . The pattern of association was such that boys with ≥2 areas of MSP had significantly greater odds for GJH than those with 0 or 1 area (95% CI of OR, 1.37-3.84) ( Table IV) . For girls, the number of pain areas in the last month was associated significantly with GJH using both cutoffs of ≥4 and ≥6, both before and after adjustment for socioeconomic status and motor performance (P = .033 and 0.019 for ≥4 and ≥6, respectively) ( Table IV) . However, the pattern of association was different from that in boys, in that girls with only 1 area of MSP had significantly higher odds for GJH than both girls with 0 or ≥2 areas, and girls with ≥2 areas had equivalent odds for GJH as girls with 0 areas (Table IV) . No associations were observed for number of pain areas lasting >3 months for either boys or girls at either cutoffs of ≥4 and ≥6. No association between GJH and pain made worse by sport was observed for girls at either cutoff of ≥4 and ≥6 (Table IV) .
Discussion
The prevalence of GJH in our study is 28.8% and 14.4% higher respectively than that reported for ≥ 4 joints and ≥ 6 joints in the ALSPAC cohort (Avon Longitudinal Study of Parents and Children) of the same age from the United Kingdom (19.2% and 4.2%, respectively), 7 and among the highest reported in Caucasian samples. Sex-specific rates were also higher in the Pain (number of areas [limb, back, neck] ) for boys and girls with and without GJH using cutoffs of ≥4 and ≥6 hypermobile joints Beighton February 2017
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Australian cohort compared with the British cohort, with differences being slightly larger for girls (eg, difference of 19.1% in GJH defined by Beighton cutoff of ≥ 6 compared with 10.2 in boys). 9, 11, [14] [15] [16] [17] [41] [42] [43] It is surprising that the prevalence of GJH is so different in 2 seemingly similar populations (United Kingdom and Australia) of the same age. 7 Differences in ethnicity are an unlikely explanation for the greater prevalence of GJH in this study because only 15% of the children in our Australian cohort were non-Caucasian, compared with only 3% of those in the cohort from the United Kingdom. 7 In both the cohort from the United Kingdom and our cohort, there was a only slight underrepresentation of families with lower socioeconomic status, 7 so although factors linked to socioeconomic status may influence the prevalence of GJH, it is unlikely that differences in socioeconomic status between the cohorts explains the different prevalence rates. A third factor that may explain the prevalence difference is differences in physical activity levels between the cohorts. In the British cohort, only 8% of boys and 2% of girls participated in ≥60 minutes of moderate to vigorous physical activity per day; in this Australian cohort, 40% of boys and 24% of girls participated in a comparable measure of activity of ≥4 hours of out-of-school moderate to vigorous physical activity per week. The British study did identify an association between GJH and greater physical activity in girls, although this study did not. A fourth factor was the large differences in the prevalence of overweight/obesity between the cohorts, being 9% and 11% in males and females, respectively, in the British cohort compared with 26% and 24% in this cohort. Much of this difference may be owing to the age-and sex-specific cutoffs used in this study versus those recommended for adults in the British Study. Using adult cutoffs, the prevalence of overweight/obesity was 14.3% for males and 15.3% for females in this study. However, using these cutoffs did not make a difference to the results of our analyses, with the finding of a similar association in boys for a cutoff score of ≥4 only as observed in Table II . The potential effect of these differences in prevalence is difficult to estimate given that the British study identified an association between GJH and higher BMI in females, and the current study identified an association between GJH and lower BMI in males.
The Beighton scale is commonly used to measure hypermobility and demonstrates validity 9 moderate to high intertester repeatability when using Beighton's 4 original definition of criteria. 6, 26, 44 A variety of other assessments for GJH other do exist, 45 but as yet none has been demonstrated to be more valid or reliable than the Beighton score. However, different versions of Beighton subtests exist in the research literature 1, 4, 6, 7 and in clinical use. 46, 47 Variation in test application between the British cohort and the current cohort, such Table IV . ORs for the presence of generalized joint hypermobility using cutoffs of ≥4 and ≥6 hypermobile joints in girls and boys separately, according to number of pain areas (limb, back, neck), unadjusted and adjusted for potential confounding variables Beighton . ‡Statistically significant results in bold (P < .05). §Category (2 or more) significantly greater odds for GJH than category (1) (aOR, 2.35; 95% CI,1.36-4.04), and no difference in odds between category (0) and category (1). ¶Category 2 or more) significantly greater odds for GJH than category (1) (aOR, 1.82; 95% CI, 1.06-3.11), and no difference in odds between category (0) and category (1). **Category (1) significantly greater odds for GJH than category (≥2) (aOR, 1.61; 95% CI,1.10-2.37), and no difference in odds between category (0) and category (2 or more). † †Category (1) significantly greater odds for GJH than category (2 or more) (aOR, 1.84; 95% CI,1.19-2.83), and no difference in odds between category (0) and category (2 or more).
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as differences in test procedures, pressure application, 26 and joint position during the finger hypermobility tests, and palm position during the toe touching maneuver might explain partly the difference in prevalence rates between the cohorts. 4, 6, 7, 9, 12, 13, 26, 45, 48 Our findings are in line with previous research questioning the validity of using ≥4 cutoff for the Beighton for children with GJH, owing to the high prevalence of GJH when using this cutoff. 1, 8, 9 Jansson et al 8 recommended that cutoffs should consider age and sex differences, and recommended that at 15 years of age a cutoff of ≥8 for girls and ≥6 for boys would be most appropriate. However, determination of an appropriate cutoff requires consideration of how the scale is to be applied, and because the current understanding of the link between GJH and clinical symptoms is limited, it is recommended that research studies report data across a range of cutoff values or consider the Beighton as a sliding scale until consensus is formally attained.
The validity of the palms to the floor test (the fifth Beighton test) as a test of GJH for adolescents needs to be reconsidered. The test itself is likely to largely reflect hamstring length rather than spinal mobility. 49 Further, the ability to perform this maneuver is influenced by the growth stage of the child, where lower limb growth precedes torso length growth. 50, 51 Because the adolescent growth spurt occurs 2 years earlier in girls, 51 it would be likely that torso length has caught up with leg length in girls, making the palms to floor maneuver much easier to perform. This could explain the large sex differences seen in this maneuver in all 3 of the similar aged cohorts (male:female in the United Kingdom, 2%:15%; in Iceland, 7%:34%; and in Australia, 15%:39%). 7, 13 The findings of this study regarding the association of GJH with female sex are in line with the British cohort study 7 and other studies. 7, 8, 13, 16, 17 Consistent with the study conducted in the United Kingdom, the current study identified associations between BMI and the presence of GJH. However, this study identified a reduced prevalence of GJH with higher BMI categories in boys and no association in girls, whereas in the cohort from the United Kingdom a higher BMI category in girls only was associated with increased prevalence of GJH. 7 Given the high prevalence estimates in this study, it may be that our finding reflects the difficulty of assessing hypermobility accurately in children who are overweight or obese. 52 Similar findings indicating a higher socioeconomic status in hypermobile girls (not boys) was reported for both studies, 7 despite socioeconomic status being measured by maternal education during gestation in the United Kingdom cohort versus a socioeconomic index based on place of current residence in this study. As suggested by Clinch et al, 7 this difference may reflect the lifestyle choices of families of higher socioeconomic status with the potential for girls of higher socioeconomic status to be involved in sports, such as dancing and gymnastics, which may maintain or promote hypermobility.
This study assesses the association between motor competence and GJH. For girls but not boys, GJH was associated with significantly higher motor competence of 5 neuromuscular index points on the MAND scale. In the 2012 Australian Survey of Children's Participation in Culture and Leisure Activities, the most popular sports for boys were soccer, Australian Rules Football, and basketball, respectively, and the most popular sports for girls were dancing and swimming. 53 The reason for this association may be that activities of girls, for which hypermobility may confer an advantage such as dancing, also promote motor competence. 7 Unfortunately, the types of activities undertaken by children were not assessed in this study.
The relationship between GJH and MSP based on crosssectional studies is highly variable. [13] [14] [15] 23, 24, 42, 44, 54 This study found that boys with GJH as defined by a cutoff of ≥6 experience more pain areas that were painful in the last month and more pain areas that were made worse with sport compared with nonhypermobile boys. For girls, findings were more difficult to interpret, because girls with a count of 1 area of pain in the last month had a greater prevalence of GJH (as defined by either cutoff) compared with both girls with no pain areas or ≥2 pain areas in the last month. The observed association between GJH and MSP made worse with sport for boys may reflect the types of sports that Australian boys play compared with girls. 53, [55] [56] [57] [58] The lack of data in the current study regarding the types of activity children were participating in, injury-related versus non-injury-related pain, and the severity and impact of pain limit the clinical significance of the findings.
Our study did not find a cross-sectional association between persistent MSP and GJH for either sex consistent with previous research. 42, 44, 56 Previous longitudinal research has reported a prospective link between GJH and persistent MSP in adolescence. [23] [24] [25] In a Finnish cohort, 23 GJH (Beighton score ≥ 6) conferred a slightly increased risk for pain present at least once a week over the previous 3 months for girls only (OR, 1.3). In contrast, in the follow-up study of 2901 14-year-olds from the ALSPAC cohort, 7 the presence of GJH (Beighton score ≥ 6) at 13.8 years of age was not associated with either chronic regional or chronic widespread pain, defined as moderately, very, or extremely troublesome pain lasting >3 months, in boys or girls at 17.8 years of age. 24 The findings of this study need to be interpreted in the light of it being an epidemiologic study reporting the associations between GJH and specific characteristics of the cohort. As such, the study does not consider the potential for subtypes of GJH within the sample. Although currently there is limited research evidence of subtypes of GJH, 59, 60 further research into the possibility of proposed clinical subtypes of GJH is needed to test for their validity.
Our study suggests that future prospective associations should be adjusted for potential confounding variables identified in this study at baseline, such as baseline pain status, socioeconomic status, BMI and motor competence, and be powered for sex-specific analyses owing to the differing prevalence rates and hypermobility correlates in male and female samples. ■
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Submitted for publication Mar 31, 2016 ; last revision received Aug 23, 2016;  accepted Sep 28, 2016 Finger hyperextension: The hyperextension (backwards movement) of the metacarpophalangeal joints with assistance of moderate pressure. The fifth finger is used as the marker MCP and if it moves beyond 90 degrees the joint is defined as hypermobile (one point for each hand).
Thumb to forearm:
The ability to forward flex the thumb towards or onto the forearm with passive or active assistance. The movement reflects flexion of the thumb and wrist (one point for each elbow).
Elbow hyperextension:
Allowing the arm to straighten out in front of you in sitting or standing to see how much hyperextension or "bend back" is permitted with light pressure. One hand supports the elbow the other applies gentle downward pressure to the forearm. Bend beyond 10 degrees is considered hypermobile (one point for each elbow).
Knee hyperextension: Lying on a bed or plinth with the leg held straight to see how much hyperextension or bend back of the knee is permitted with light pressure. One hand pushes down on the knee gently to keep it flat and the other hand pulls from under the ankle with moderate force to stretch. Bend beyond 10 degrees is hypermobile (one point for each knee). 
